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How Wells Affect Shallow Glacial
Ground-Water Supplies

South Dakota

Hy F. F. Kerr, Cooperative Extension Service; Merlin J. Tipton, South
Dakota Geological Survey; Joseph W. Grimes, South Dakota Water
Resources Commission; and John E. Powell, and Edmund F. LeRoux,
Unit:_d States Geological Survey.

INTRODUCTION

Ground water is one of South Dakota's least
developed resources. Full use should be made of it
for expanding needs of industry, irrigation, livestock,
cities, and households. Like other resources, water
must be properly managed if it is to contribute to the
prosperity of the people of the state.
Movement of ground water beneath the surface
cannot be directly observed; therefore, the way it
moves and how it is affected by pumping is not
generally understood.
Public understanding must be achieved if the
resource is to be fully developed and effectively
used.
Purpose of Publication
This publication explains how ground-water
levels react when water is withdrawn by pumping
and how ground water is being managed. Consideration is given only to the glacial ground-water
aquifers most of which are 30 to 300 feet beneath
the land surface. The very deep artesian aquifers are
not included.
To aid understanding, the publication is divided
into three parts. Part I discusses what ground water
is, how it got underground, and the different underground formations in which it is found. Part II
discusses the effect of pumping on ground-water
supplies. Part III explains the management procedures used in South Dakota to maintain an inventory
of ground-water levels so that depletion of these
waters may be avoided.
Definition of Terms
Technical terms used are defined for the purpose
of this publication as follows:

BEDROCK-The solid rock that lies beneath the
soil and the unconsolidated rock material.

OUTWASH DEPOSITS-Sand and gravel carried
by water from the melting ice of glaciers and
deposited in layers of varying thicknesses. The best
aquifers in South Dakota are usually outwash
deposits. Wells penetradng these deposits are
gen er ally from 30 to 300 feet in depth.

ARTESIAN PRESSURE-A pressure which exists
in a confined aquifer causing the water in a well
to rise above the top of the water-bearing formation that has been penetrated by the well bore.
The rise is primarily due to a pressure head that
exists because of a higher water level in some
other part of the aquifer. (See fig. 4.) The height
to which the water rises above the top of the
aquifer is a measure of the pressure.

WATER-TABLE CONDITION-If the water does
not rise in the well bore above the top of the
aquifer, it means there is no artesian pressure and
the aquifer is described as under water-table conditions. The terms WATER-TABLE aquifer and
UNCONFINED aquifer mean the same.

ARTESIAN WELL-People using this term are
generally referring to a flowing well that does
not have to be pumped. Actually, an artesian well
is any well in which the water rises above the top
of the aquifer but not necessarily above the surface
of the ground. The terms ARTESIAN aquifer
and CONFINED aquifer mean the same.

AQUIFER RECHARGE-The water that enters the
aquifer from any source.

AQUIFER-An underground formation made up

SAFE WITHDRAWALS AND MINING AN
AQUIFER-Whm the amount of water taken from

of rock materials such as gravel or sand in which
water is present in useful quantities.

an aquifer in some specified period of time approximately equals the amount of recharge, the

limit of safe withdrawal has been reached. Any
amount in excess of this may be referred to as
"mining" the aquifer.

0

~

OF DEPRESSION-T he portion of an

aquifer that is dewatered as a result of pumping
(shown in fig. 6).

DRA WDOWN-The distance that the water is lowered in a well or at any point in the aquifer as- ~r
result of pumping (fig. 6).

ST ATIC WATER LEVEL-The water level in an
unpumped aquifer (figure 6).
PART I
What ls Ground Water?

Helene L. Baldwin and C. L. McGuinness, in the
U.S. Geological Survey publication "A Primer on
Ground Water," comment on the subject in this
way:
It is hard to picture underground water. Most people have
a fanciful notion of an underground lake, or a murky stream
moving along slowly in dark underground channels scarcely
high enough to stand upright in. There ARE such underground streams in cavernous limestone or lava rock, hut they
are not common. Mostly, ground water is just the water filling
pores or cracks in the rocks.
But if ground water is not a river or lake as we think of
them on the surface, how is it carried in the earth? Why doesn't it soak through the earth? It does not because the rocks at
great depth lack openings-pores or cracks-through which
water can move, or if they have op~nings they are too tightly
packed to let water move through fredy.

The source of all ground water in South Dakota
is precipitation and there is some ground water
everywhere in the state. In a few places, however, it
may be difficult to find in sufficient amounts to
make development practical. Part of the total precipitation that falls on the land flows into streams
and lakes as direct runoff, part returns to the atmosFigure I. Examples of aquifer materials that would differ
in their porosity. (A) Well sorted-high porosity; (B) Poorly
sorted-low porosity; (C) Well sorted porous pebbles-very
high porosity; (D) Well sorted hut clogged with mineral deposits-low porosity; (E) Rock rendered porous by solution;
(F) Rock rendered porous by fracturing.
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Figure 2. A water-table well obtains water from an uncon- - fined porous formation which may not be completely saturated from top to bottom. Water in the well is at t'he same level
as the water in the aquifer.
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phere by evaporation, part is used by plants, and the
remainder seeps downward to become ground
water.
The surface of the saturated part of an aquifer
is called the water-table, and its position is determined by the level at which water stands in non-ar-tesian wells. All openings between the particles
(pores) of aquifer material in the zone of saturation
are filled with water ( fig. 1). It is this water that is
tapped by wells and flows from springs.
Water is constantly moving from areas of recharge
to areas of discharge. Water generally moves very
slowly (from a few feet to a few hundred feet per
year) through open spaces between particles that
make up the aquifer materials.
Where Ground Water ls Found in Usable Amounts

In South Dakota ground water is found under
both water table and artesian conditions. Unconfined
water in beds of sand and gravel is said to be under
water-table conditions ( fig. 2). Artesian conditions
where the water is under pressure exist where the
sand and gravel deposits are confined between
layers of silt or clay (fig. 3).
When a well penetrates a confined (artesian)
aquifer at a lower elevation than the recharge area,
pressure causes the water to rise in the well above
the bottom of the confining layer (fig. 4). An artesian well will flow if the pressure is great enough to
cause the water in the well to rise above the land
surface.
Water-Table Conditions

Water in unconfined (water-table) aquifers
moves in a direction determined by the slope of the
water table (fig. 5). The water-table is not a flat or a
stationary surface. The water moves through the
aquifer at a speed determined by the coarseness and
uniformity of the aquifer materials, and amount of
aquifer recharge and discharge.
The movement of water in an unconfined
aquifer is similar to water flowing into one end of a
sand-filled bathtub and out the other end. Any
change in the amount of water entering or leaving
the bathtub would result in a change in the level of
the water (water-table) in the sand. Thus, in this
example, if a well removes water from the tub, the
water level is lowered in the sand, first near the well

Figure 3. An artesian well obtains water from a confined - porous formation which is completely full of water under
pressure. Water rises in the well above the top of the aquifer
and may Row out at the surface.

----==-

-

--- ------

: : WATER .. TA_BLE_ . _.,: .· .
~

z

0
1<l

·-.- ·-.- -.-

_.

_·_ .--·-.-· - .--. ---

.. .

-

------

-----------

- - - -- - - - -

---- ---

---

·...·

---.

-------------

·.-.·.. -.--.·-.-.

. ....

a::

:)

••

f

•

1<l

Cf)

...

~ ~~~==-~=-===-=----=--=~--=-=-=====-=--=---·==-_·=--_·=_~·~~~~=::::__=---==----==---=--- -=-==--~--===----=~====--:_~~=-~=---=---=--==::---:=~==-=--=_:____ ___:_. :._

w,

----- --- -

Z 1--01

----

NI

'

---------

--

--- - - - - -

-- -- ---

ARTESIAN

AQUIFER

CONFINING LAYER

_--=----=---==----=---=-

-=-._---=-

and gradually as pumping continues, at greater distances from the well. The water level continues to be
lowe:red until discharge ( well and outflow) equals
recharge (inflow).
Artesian Conditions

The confined water in an artesian aquifer (fig. 4),
in addition to moving through the aquifer, transmits pressure throughout the aquifer. In this case, a
pumped well tapping the aquifer will not only remove water but will act as a pressure relief valve and
may reduce the artesian pressure at points quite a
distance from the well being pumped even though
the aquifer may actually remain full of water at these
distant points.
This reduction in pressure may cause a flowing
well that is quite a distance from the pumped well
to flow at a reduced rate or to stop flowing during
the pumping period, or it may cause the water level

in a non-flowing artesian well to become lower
during this period.
The distance at which pumping will influence
wells in an artesian aquifer depends on the texture
of the aquifer materials, the slope of the aquifer,
amount of withdrawals, duration of withdrawals
and other recharge capabilities of the particular
aquifer in question.
Every artesian aquifer and even different parts of
the same aquifer will react differently. For this
reason, every locality in which heavy pumping takes
place would require a separate investigation to
determine the area and degree of influence due to
pumpmg.
Sources of Recharge

In the case of artesian aquifers, recharge may take
place at a locality far removed from the point at
which the water is withdrawn. The source of the
water may be precipitation falling on higher elevations of exposed parts of the aquifer (fig. 4), or it

Figure 4. Ground-water movement, artesian conditions.
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may be from streams flowing over such exposed
areas.
Non-artesian aquifers are also recharged from
precipitation and streams; however, in this case the
recharge may be more local since there is no upper
confining layer that prevents entry of water into the
aquifer.
Also, non-artesian aquifers may contribute water
to streams flowing across them during periods when
aquifer water levels are high (fig. 5) by flowing into
the stream through its banks and seeping up through
the streambed. During periods when aquifer water
levels are low the reverse would be true.

PART II
How Pumping from Wells Affects Aquifers

Any withdrawal of water from an aquifer, no
matter how small, causes a decline in water level in
at least the immediate vicinity of the well. As the
water level declines, its surface assumes the approximate shape of an inverted cone (fig. 6), called the
"cone of depression." The size, shape, and permanence of the cone of depression depend upon the rate

Figure 5. Ground-water movement, water-table conditions.
Figure 6. Diagram showing drawdown and cone of depression of the water-table in the vicinity of a pumped well.
Pt: mp e d

well
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at which a well is pumped, the duration of pumping,
and the ability of the aquifer materials to permit the
passage of water. Also the size and shape of the

pipe set flush with sand surface.
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Figure 7. Water enters the tub at one end, flows through a
perforated pipe in the center of the tub set flush with the sand
surface and out the other end. Water cannot leak through the

perforations in the pipe because the sand is already saturated
with waier and the tub can hold no more.

Figure 8. A small sand point with attached pump is then
inserted into the sand and begins pumping at a rate equal to
the flow through the pipe. Discharge from the end of the pipe

ceases but, except in the vicinity of the well, the water level
does not drop because withdrawal by the pump is replaced by
water flowing into the sand through perforations in the pipe.

Pump discharge

No discharge here.

.. ~

equals recharge.

·.

Perforated pipe set
flush with sand surface .

Bathtub filled with sand.

Only

cone of depression are affected by increases or decreases in either recharge or discharge.
Drawdown of water level at any given distance
from the well (Line R in fig. 6) is the difference
between the altitude of the water surface in the cone
of depression at that point and the altitude of the
original static water level ( Line S in fig. 6).
Water withdrawn from an aquifer comes from a
combination of stored water and recharge water.

drawdown is in

vicinity of well.

This can be illustrated by again referring to a bathtub filled with water-saturated sand as is shown in
figures 7, 8, 9, and 10.
If depletion or "Mining" of ground water is to be
avoided, the quantities that may be safely withdrawn
must be approximately equal to the amount of recharge over a long period of time. The amount that
can be safely withdrawn consitutes the underdeveloped resource mentioned in the introduction of this
publication.

t

Pump

discharge

exceeds recharge.

Perforated pipe set
flush with sand surface.

Bathtub filled

with
Cone of depression expands

causing decline in water level (S).

Figure 9. However, an increase in the pumping rate will
cause a decline in the water level because discharge from the

well exceeds recharge from the perforated pipe.

Figure 10. When the pump is shut off, recharge from the
perforated pipe will came the water level to rise until the sand
is again completely S'lturated. When this occurs, flow will re-

sume in the perforated pipe and water will again discharge
from the down slope end of the tub.

Pu mp is turned off, water level recovers and flow resumes from end of pipe.
Perforated pipe set
flush with sand surface.
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PART Ill
How "Mining" of Ground Water is Avoided

In South Dakota the State Geological Survey, in
cooperation with the United States Geological
Survey, conducts studies to determine the characteristics of aquifers: location, water depths, artesian
pressures, relative fineness or coarseness of materials,

amount of water in them, ability of water to flow
through them, and other factors.
The Water Resources Commission grants water
rights to use ground water for beneficial purposes
and regulates the amount of withdrawals from
aquifers. The intent of the State water laws and
policy of the Commission are to avoid "mining" of
the State's ground-water supplies, so that over a long

period of time withdrawals (discharge) of ground
water shall not exceed the amount of water added
to the aquifer (recharge).
It is not practical to determine the day-to-day
changes in the amounts of recharge waters. Reliance
is placed upon regularly scheduled measurements of
the water surface in aquifers, both for those aquifers
having water-table characteristics and for those
having artesian pressure.
To date, 280 strategically located observation
wells ( of 1¼- or 2-inch diameter casing) have been
installed throughout the state (fig. 11 ). Additional
observation wells are added to this system each year
as needed. The water levels in these wells are measured three times each year; during July-August when
withdrawals are greatest, during October-November
when aquifer levels have stabilized following each
year's largest use period, and during March-April as
a control period for annual comparisons of groundwater levels. In addition, more frequent measurements are made in critical areas. The Water Resources Commission with the assistance of the State

Geological Survey and the United States Geological
Survey, analyzes the changes of the various observation-well measurements to determine what effects
water withdrawals have upon the water supplies in
the aquifers.
The following three important conditions in the
aquifers are revealed by the observation-well
measurements:
(1) the variation in the depth to the water level
in localized areas during periods of maximum withdrawals of water in the particular area,
(2) the changes in overall water levels of the
aquifer during an early spring to late fall season,
and,
(3) the changes in aquifer water levels, if any,
over a period of years.
So long as water levels in the aquifer return to
former levels after withdrawal periods, the aquifers
have not been "mined." To date, even in the most
heavily pumped aquifers there has been no indication of "mining" of ground water in South Dakota.
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Figure 11. Map showing distribution of South Dakota Water Resources Commission Observation Wei Is.
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